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Transverse Coherence of Diffraction Limited 

Storage Ring Sources 

Hard x-rays: atomic-scale wavelength/high momentum, K and L edge atomic 

edges, weak interaction with matter.  
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Three Ways to Use Transverse 

Coherence 
• Intense Focused Beams for Local Probes 

• Microscopy via Scanned 

Probes/Ptychography/Coherent Diffraction 

Imaging 

• Fluctuations and Dynamics 
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Hard X-ray Imaging 
• Image using spot size that matches 

problem. 

• Scan or reconstruct from S(Q). 

• Resolution, information, depends on S(Q) 

• Density, composition, magnetism, strain… 

|S(Q)|2 
Intensity 

Q 

Uniform density 

I ~ Q-4 

Bragg Peak 

Amorphous 

Soild (glass) 

Oleg Shpyrko 
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Fluorescence Nanoprobe 

Stefan Vogt 

With DLSR it will be possible to resolve individual 1 nm Pt catalyst particles. 

 

Requires: Small focal spot size, high focused flux. 
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Nanodomains in Ferroelectric/Dielectric 

Superlattices 

P. Chen, et al., Phys. Rev. Lett. 110, 047601 (2013)  

• Spontaneous Nanoscale Structural and Electronic “Order” 
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Domain Coherent Scattering 
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Speckle Statistics 

 

Poisson 

distribution 

Binomial 

distribution  
(e.g. Hruszkewycz, 

Phys. Rev. Lett. 109, 

185502 (2012)) 

• Speckle Intensity Depends on Beam 

Location 

• Average Domain Diffuse Scattering 

Constant 

• Intensity statistics match 

speckle distribution 
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Decorrelation: “Soft” Domain Dynamics 

F 

Domain  

Pattern 
kT 

Slow long-lengthscale rearrangement dynamics. 

 

DLSR will allow fluctuations to be studied at much shorter timescales. 
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Domains in Restricted 

Geometries 

Tungsten 

Carbon 

Superlattice 

Substrate (SrTiO3) 

144 nm island domain coherent scattering 
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Now: Step Flow in “Ideal” Systems 

Pt (001) step flow during evaporation 

Oscillations in coherent scattering 

M. S. Pierce, et al., Appl. Phys. 

Lett. 99, 121910 (2011).  
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Materials science: Dynamic studies of crack initiation 

Materials failures and fracture prevention cost 

an estimated ~$600 billion annually  
 

Understanding and preventing cracking 

initiation and propagation remain key 

challenges in designing fault-tolerant materials 

for construction, transportation and energy  

DLSRs: 

Characterization of 

initial crack formation 

and early propagation, 

at 50 nm range and   

10 ms time scale 

Today’s 

capability:  

Observation of  

surface crack 

propagation at 

mid- and 

endpoints, at 1 

micron range, 

100 ms time 

scale 

Challenge Solution  

Bulk 

properties 

High energy 

Spatial/strain 

resolution  

Coherence 

Time 

resolution  

Brightness  



University of Wisconsin-Madison                   Department of Materials Science and Engineering 



University of Wisconsin-Madison                   Department of Materials Science and Engineering 



University of Wisconsin-Madison                   Department of Materials Science and Engineering 

Unstructured Peptides and Amyloid Formation 
 Aggregation of unstructured peptides is linked to more than 15 

neurodegenerative diseases – Alzeihmer’s, Parkison’s, Down’s 
Syndrome, Huntington’s etc, also Type II diabetes. 

 Affecting 4.5 million people in USA 1. 

 Health care cost > $50 billion1. 

 Industry – Protein aggregation during production, purification and 
storage. 

 Insulin production.  

1 National Institute of Neurological Disorders and Stroke 

Amylin (hIAPP) 

Type II Diabetes 

Amyloid β 
Alzheimer’s Disease 

 

GNNQQNY 
Prion Disease 

Juan de Pablo, University of Chicago 
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Nucleation and Growth of Toxic Aggregates 

 Small aggregates 

– nucleate growth of fibrils 

– extremely toxic 

 Structure unknown 

 Nuclei formation time scales  

– µs to minutes 

 The pathways for nuclei formation 

and growth are unknown. 

 Monomer to oligomer to fibrils?  

Juan de Pablo, University of Chicago 

DLSR: Coherent scattering in 

heterogeneous systems during 

nucleation. 

Simulation: shapes distinguished using 

coherent scattering 
Chen, Zwart & Li, PRL 110 195501 (2013) 

 

 

Shirahama 

and Cohen. 

JCB. 1967; 

33 (3) 684 
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Integrating new functionalities in 

electronics 

Advanced Electronics: 

New Functionalities 

 

Future x-ray experiments: 

dynamics, heterogeneity, 

subtle order parameters. 

 

Today’s electronics: Static 

structure of highly ordered 

crystalline devices.  

Today’s x-ray 

experiments match this.  

Multiple length scales 

problematic. 
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Control of Other Degrees of Freedom 
Future of information processing needs understanding and control 

of competing phases in the nano- to meso-scale regime  

• DLSRs enable enhancement in spatial resolution, 100x 

increase in sensitivity, access to ps timescales 

• Will enable materials science and materials integration of 

new degrees of freedom. 

PCMO Electronic 

Orbital Phase 

Nanoscale Phase 

Fluctuations 
Real-Space Order 

Coherent x-ray speckle from 

nanoscale orbital order 

Resonant nanodiffraction from 

orbital order 

100 nm 

Ian McNulty 

Today: 
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Conclusion 

• Technique Opportunities 

– New nanoprobes 

– Nanometer-scale microscopy with beam size 

matching problem 

– Improved time resolution in fluctuating 

systems 

•  Scientific implications span a vast range 

of problems. 


